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FLAT PANEL DISPLAY AND FABRICATION METHOD THEREOF 



CROSS REFERENCE TO RELATED APPLICATION 

This application claims priority to and the benefit of Korean Patent Application No. 
5 2002-70095 filed on November 12, 2002, the disclosure of which is hereby incorporated by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to an active matrix flat panel display, and more particularly, 
10 to an organic light emitting diode in which mobilities of the switching transistor and the driving 
transistor are differed from each other so that the organic light emitting diode is capable of 
controlling the amount of current flowing through an organic electroluminescent device per unit 
pixel through the driving transistor as maintaining the switching characteristics of switching 
transistor as they are, and a fabrication method of the organic light emitting diode. 
15 Description of Related Art 

Although active matrix organic light emitting diodes (AMOLED) that are a flat panel 
displays gradually require a high-resolution panel, there it has been difficult to fabricate the high- 
resolution panels due to characteristics of the organic electroluminescent device and the driving 
transistor for driving the organic electroluminescent device. 
20 For example, in case of a 5" WVGA AMOLED having a pixel size of45.5//mxl36.5//m 

and a resolution of 180 ppi or more, luminance of 50 cd/m2 per unit area is generated, and it is 
preferable that a proper amount of current flow to the EL (electroluminescent) device per unit 
pixel to generate the luminance because luminance per unit area is greatly increased when a 
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current flowing to the EL device per unit pixel is at or above a limit value , and the life span of 
the EL device is significantly shortened accordingly. Therefore, a proper amount of current for 
generating a certain luminance per unit area flows through the EL device to radiate a pixel, 
namely, an EL device in a high resolution AMOLED. 
5 Generally, each unit pixel of an active matrix organic light emitting diode includes two 

transistors, one capacitor and one organic electroluminescent (EL) device, wherein one of the 
two transistors is generally a switching transistor for transmitting data signals maintains high 
switching characteristics, and the second of the two transistors is generally a driving transistor 
for driving the EL device providing driving current appropriate for resolution of display devices 

10 to the EL device. 

Because the driving transistor and the switching transistor are typically fabricated on the 
same polysilicon film, switching characteristics of the switching transistor and low current 
driving characteristics of the driving transistor generally could not be satisfied at the same time. 
That is, there have been problems because an amount of current flowing to an EL device through 

15 the driving transistor is increased and results in excessively high luminance. Thus, when using 
polysilicon film having a high mobility to manufacture the driving transistor and the switching 
transistor, the current density per unit area is increased which causes a reduction in the life span 
of the EL device while the switching transistor has high switching characteristics. 

On the other hand, if the driving transistor and the switching transistor are fabricated 

20 using amorphous silicon film having a low mobility, proper luminance may be obtained by 

reducing the amount of current flowing to the EL device through the driving transistor, however, 
the switching characteristics of the switching transistor are deteriorated. 
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One method used to limit the amount of current flowing through the driving transistor is 
to increase the resistance of channel regions by decreasing the ratio (W/L) of width to length of 
the driving transistor. A method for increasing the resistance of the channel regions is to form a 
low doping region in a source/drain region of the driving transistor. 
5 The method for decreasing W/L by increasing length has problems in that stripes are 

formed in the channel regions, and an opening area is reduced during crystallization using 
methods including ELA (excimer laser annealing) method since the length of channels is 
increased. The method for reducing W/L by reducing the width of the driving transistor has 
problems in that it is restricted by the rules of design in the photo process, and it is hard to secure 
10 reliability of the transistor. Furthermore, the method for increasing resistance of the channel 
regions by forming a low doping region in the source/drain region of the driving transistor has 
problems in that a doping process has to be performed additionally. 

SUMMARY OF THE INVENTION 

15 This invention provides an active matrix organic light emitting diode capable of obtaining 

high switching characteristics of switching transistor as well as low current driving 
characteristics of a driving transistor by forming the driving transistor and the switching 
transistor in such a manner that a semiconductor layer of the driving transistor and a 
semiconductor layer of the switching transistor have a different mobility, and a fabrication 

20 method of the active matrix organic light emitting diode. 

This invention separately provides an active matrix organic light emitting diode capable 
of obtaining a proper luminance per unit area by decreasing an amount of current flowing to an 
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electroluminescent device, and a fabrication method of the active matrix organic light emitting 
diode. 

This invention separately provides a flat panel display with a plurality of pixels. Each 
pixel has at least a first transistor and a second transistor and a semiconductor layer of the first 
5 transistor has a mobility which is different from a semiconductor layer of the second transistor. 

This invention separately provides a flat panel display comprising a plurality of pixels, 
each of the pixels including a first transistor and a second transistor, where a semiconductor layer 
of the first transistor has a crystal structure which is different from a crystal structure of the 
second transistor. 

10 This invention separately provides a method for fabricating a flat panel display including 

at least a first transistor and a second transistor by forming an amorphous silicon film on an 
insulating substrate, crystallizing the amorphous silicon film into a polysilicon film that is 
divided into at least a first region having a first mobility and a second region having a second 
mobility, and forming a semiconductor layer for the first transistor from the region with the first 

15 mobility and the second transistor from the region with the second mobility by patterning the 
polysilicon film, where the first mobility is different from the second mobility. 

This invention separately provides a method for fabricating a flat panel display including 
a first transistor and a second transistor by forming an amorphous silicon film on an insulating 
substrate, crystallizing a part of the amorphous silicon film into a polysilicon film, and forming a 

20 first semiconductor layer for the first transistor and a second semiconductor layer for the second 
transistor by patterning the polysilicon film and the amorphous silicon film, where the first 
semiconductor layer has a different mobility than the second semiconductor layer. 
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This invention separately provides a flat panel display having R, G and B unit pixels, 
wherein at least one unit pixel in the R, G and B unit pixels includes a first transistor and a 
second transistor. The first transistor has a first semiconductor layer and the second transistor 
has a second semiconductor layer and a mobility of the first semiconductor layer is different 
5 from a mobility of the second semiconductor layer. 

This invention separately provides a flat panel display comprising R, G and B unit pixels, 
wherein at least one unit pixel in R, G and B unit pixels includes at least a first transistor and a 
second transistor. The first transistor comprises a first semiconductor layer has a different 
crystal structure than a crystal structure of a second semiconductor layer of the second transistor. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the invention can be more fully understood from the 
following detailed description taken in conjunction with the accompanying drawings. 

FIG. 1 is an equivalent circuit diagram for a unit pixel in an active matrix organic light 
15 emitting diode according to an exemplary embodiment of the present invention. 

FIGs. 2A, 2B and 2C diagram a method for fabricating an active matrix organic light 
emitting diode using an SLS crystallization method according to a first exemplary embodiment 
of the present invention. 

FIGs. 3 A, 3B, 3C and 3D diagram a method for fabricating an active matrix organic light 
20 emitting diode using an MIC/MILC crystallization method according to a second exemplary 
embodiment of the present invention. 
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FIGs. 4A and 4B diagrams a method for fabricating an active matrix organic light 
emitting diode using an MIC/MILC crystallization method according to a third exemplary 
embodiment of the present invention. 

FIGs. 5 A, 5B, 5C, 5D, 5E and 5F diagram exemplary patterns of semiconductor layers 
5 for a switching transistor and a driving transistor in a method for fabricating an active matrix 
organic light emitting diode using an MIC/MILC crystallization method according to the third 
exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention will now be described in detail in connection with exemplary 
10 embodiments with reference to the accompanying drawings. For reference, like reference 
characters designate corresponding parts throughout several views. 

FIG. 1 illustrates an equivalent circuit diagram for a unit pixel in an active matrix organic 
light emitting diode according to an exemplary embodiment of the present invention. Referring 
to FIG. 1, each unit pixel 100 of an active matrix organic light emitting diode of the present 
15 invention includes two p type thin film transistors (TFTs), a capacitor 150, and an organic 

electroluminescent (EL) device 160. One of the p type thin film transistor is called a switching 
transistor 140 and the other p type thin film transistor is called a driving transistor 145. 

The switching transistor 140 is driven by scan signals provided to a gate line 1 10. Thus, 
the switching transistor 140 plays a role of transmitting data signals provided to a data line 120. 
20 The driving transistor 145 determines an amount of current flowing through the EL device 160 
according to the data signals transmitted through the switching transistor 140, namely, by a 
voltage difference (Vgs) between the gate and the source. The capacitor 150 plays a part in 
storing the data signals transmitted through the switching transistor 140 during a cycle of frame. 
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In an exemplary embodiment of the present invention, the switching transistor 140 has a 
higher mobility than that of the driving transistor 145. For example, the switching transistor is a 
polysilicon TFT having a large grain size and the driving transistor is a polysilicon TFT having a 
small grain size or the switching transistor is a polysilicon TFT and the driving transistor is an 
5 amorphous silicon TFT. 

By using a transistor with a higher mobility as the switching transistor 140 and a 
transistor with a lower mobility as the driving transistor 145, a proper amount of current can flow 
through the EL device 160 per unit pixel, and a luminance appropriate for small scale high 
resolution can be generated while the switching characteristicsvof the switching transistor 140 are 
10 maintained. 

FIGs. 2A, 2B and 2C diagram a method for fabricating an organic light emitting diode 
using an SLS (sequential lateral solidification) crystallization method according to a first 
exemplary embodiment of the present invention. 

Referring to FIG. 2 A, a buffer layer 210 is formed on an insulating substrate 200, and an 
15 amorphous silicon film 220 is deposited on the buffer layer 2 10. A mask 250 for forming a 
polysilicon film having partially different grain sizes during crystallization of the amorphous 
silicon film 220 is aligned. The amorphous silicon film 220 has a masked portion 225, which is 
blocked by the mask 250 and an unmasked portion 22 1 . The masked portion 225 of the 
amorphous film 220 is where a polysilicon film having small grains is to be formed and the 
20 unmasked portion 22 1 of the amorphous film 220 is a portion where a polysilicon film having 
large grains is to be formed. 

Referring to FIG. 2B, a polysilicon film 230 having partially different grain sizes is 
formed by crystallizing the amorphous silicon film 220 through an SLS crystallization method 
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using the mask 250. That is, the polysilicon film 230 is comprised of a large grain sized region 
23 1 and a small grain sized region 235. The large grain sized region 23 1 and the small grain 
sized region 235 are formed by performing SLS crystallization using a mask 250 with an energy 
intensity or the energy amount of the laser being varied. It is preferable to control the energy 
5 intensity or the energy amount of a laser during the SLS crystallization so that the large grain 
sized region 23 1 of the polysilicon film 230 has the grain size 10 times or more large than the 
small grain sized region 235 of the polysilicon film 230. 

Referring to FIG. 2C, first and second semiconductor layers 232 and 236 having different 
mobilities are formed by patterning the polysilicon film 230 using a mask (not shown on the 

10 drawing) for an active layer. The first semiconductor layer 232, which may serve as an activation 
layer for the switching transistor, is formed in the large grain sized region 231 of the polysilicon 
film 230 so that the first semiconductor layer 232 has a high mobility suitable for the switching 
transistor. The second semiconductor layer 236, which may serve as an activation layer for the 
driving transistor, is formed in the small grain sized region 235 of the polysilicon film 230 so 

15 that the second semiconductor layer 236 has a low mobility suitable for the driving transistor. 
Although not illustrated on drawings, the switching transistor 140 and the driving 
transistor 145 are fabricated by an ordinary thin film transistor forming process so as to fabricate 
an active matrix organic light emitting diode capable of obtaining low current driving 
characteristics of the driving transistor while maintaining high switching characteristics of the 

20 switching transistor. 

In the first exemplary embodiment of the present invention, the polysilicon film 230 
having different grain sizes is formed by partially controlling the energy intensity or the energy 
amount of the laser using the mask 250 by the SLS crystallization method to fabricate the 
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semiconductor layer 232 for the switching transistor and the semiconductor layer 236 for the 
driving transistor having different mobilities. 

In the first exemplary embodiment of the invention, a first semiconductor layer for the 
switching transistor 140 is formed of a polysilicon film and a second semiconductor layer for the 
5 driving transistor 145 is formed of an amorphous silicon film. The switching transistor 140 and 
the driving transistor 145 are fabricated so that the driving transistor and the switching transistor 
have different mobilities by crystallizing a portion where the semiconductor layer for the 
switching transistor 140 is to be formed in an amorphous silicon film 220 into a polysilicon film 
in the state where a laser is completely blocked by mask 250 over a portion where a 

10 semiconductor layer for the driving transistor is to be formed in the amorphous silicon film 220. 
FIGs. 3A, 3B, 3C and 3D are cross sectional views for explaining a method for 
fabricating an active matrix organic light emitting diode using an MIC/MILC (metal induced 
crystallization/metal induced lateral crystallization) crystallization methods according to a 
second exemplary embodiment of the present invention. 

15 Referring to FIG. 3 A, a buffer layer 3 10 is formed on an insulating substrate 300, and an 

amorphous silicon film 320 is formed on the buffer layer 3 10. Subsequently, an oxide film 340, 
to be used as a mask for MILC, is formed on the amorphous silicon film 320, and a 
photosensitive film 350 is formed on the oxide film 340. A portion 325 of the amorphous silicon 
film corresponding to the photosensitive film 350 is a portion where a semiconductor layer of the 

20 switching transistor is to be formed while the remaining portion 32 1 of the amorphous silicon 
film 320 is a part where a semiconductor layer of the driving transistor is to be formed. 

Referring to FIG. 3B, a metallic film 360 to be used as a crystallization catalyst for MILC, 
e.g., Ni film, is formed on the substrate after patterning the oxide film 340 using the 



9 



photosensitive film 350. The photosensitive film 350 is then removed. A photosensitive film 
may be used as a mask for MILC without using of the oxide film 340, however, the oxide film 
340 is used as a mask for MILC in the second exemplary embodiment of the invention. 

A polysilicon film 330 comprised of a region 33 1 crystallized by MIC and a region 335 
5 crystallized by MILC is formed by crystallizing the amorphous silicon film 320 using 

MIC/MILC crystallization methods. A portion 321 of the amorphous silicon film 320 which is 
in direct contact with the metallic film 360 is crystallized into polysilicon film 331 having a 
small grain size by MIC crystallization. A portion 325 of the amorphous silicon film 320 which 
is masked by the oxide film 340 and is not in direct contact with the metallic film 360 is 

10 crystallized into a polysilicon film 335 having a large grain size by MILC crystallization. 

A first semiconductor layer 332 and a second semiconductor layer 336 having different 
mobilities are formed by patterning, as shown in FIG. 3D, the polysilicon film 330 using a mask 
for a semiconductor layer (not illustrated on the drawing) after removing the oxide film 340 and 
the metallic film 360, as shown in FIG. 3C. 

15 The first semiconductor layer 332 functions as an active layer for the driving transistor 

and has a low mobility suitable for the driving transistor. In particular, the first semiconductor 
layer 332 is the semiconductor layer 332 which is crystallized .by MIC crystallization has a small 
grain size. The second semiconductor layer 336 functions as an active layer for the switching 
transistor and has a high mobility suitable for the switching transistor. In particular, the second 

20 semiconductor layer 336 which is crystallized by MILC crystallization has a large grain size. 
Although not illustrated in the drawings, the switching transistor and the driving 
transistor are further fabricated by a process for forming an ordinary thin film transistor. The 
invention provides a method for forming an active matrix organic light emitting diode with a 
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driving transistor capable of obtaining low current driving characteristics and a switching 
transistor capable of maintaining high switching characteristics. 

FIGs. 4A and FIG. 4B are cross sectional views explaining a method for fabricating an 
organic light emitting diode using MIC/MILC crystallization technology according to third 
exemplary embodiment of the present invention. 

Referring to FIG. 4 A, a buffer layer 410 is formed on an insulating substrate 400, and an 
amorphous silicon film 420 is formed on the buffer layer 410. Subsequently, MILC masks 441 
and 442 are formed on the amorphous silicon film 420, and a metallic film 460 to be used as a 
crystallization catalyst for MILC is formed on the substrate. The MILC mask 441 is a mask for 
forming a semiconductor layer for the driving transistor and the MILC mask 442 is a mask for 
forming a semiconductor layer for the switching transistor, and the width Wl of the MILC mask 
441 is larger than the width W2 of the MILC mask 442. 

Referring to FIG. 4B, a polysilicon film that is divided into MIC regions 435 and MILC 
regions 43 1 and 432 is formed by performing a MIC/MILC crystallization process, thereby 
partially crystallizing the amorphous silicon film 420. Portions 425 of the amorphous silicon 
film 420 which are in direct contact with the metallic film 460are crystallized by MIC to become 
the MIC regions 435 and portion 422 of the amorphous silicon film 420 which corresponds to the 
MILC mask 442 is entirely or substantially entirely crystallized by MILC to become the MILC 
regions 432, and the portion 421 corresponding to the MILC mask 441 is partially crystallized by 
MILC to become MILC regions 43 1 . The portion 42 1 which is partially crystallized by MILC 
coexists with an amorphous silicon film 421a therebetween. 

Subsequently, semiconductor layers of the switching transistor and the driving transistor 
are formed using a mask for a semiconductor layer (not illustrated on the drawings), wherein the 
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semiconductor layer of the switching transistor is formed of the region 432 crystallized by the 
MILC in the polysilicon film, and the semiconductor layer of the driving transistor is formed of 
the MILC regions 43 1 . An amorphous silicon film 42 la coexists between the regions 43 1 . 

Therefore, the semiconductor layer of the driving transistor is formed on the region 43 1 
crystallized by MILC and the amorphous silicon film 42 la coexisting between the regions 43 1 to 
fabricate an organic light emitting diode in such a way that the driving transistor and the 
switching transistor have different mobilities. More particularly, the organic light emitting diode 
is fabricated by crystallizing the amorphous silicon film with MILC crystallization where the 
crystallization distance, crystallization time and temperature conditions of the driving transistor 
and the switching transistor are varied. 

FIGs. 5 A, 5B, 5C, 5D, 5E, and FIG. 5F illustrate exemplary patterns of the 
semiconductor layers for the switching transistor and the driving transistor in when forming the 
semiconductor layer for the switching transistor and the driving transistor with masks of different 
widths for MILC according to the third exemplary embodiment of the present invention. 

The semiconductor layer of the switching transistor is formed of a polysilicon film 512 
crystallized by MILC as illustrated in FIGs. 5A, 5B, 5C, 5D, %e and 5F, while the 
semiconductor layer of the driving transistor is formed of a MILC region 5 1 1 and an amorphous 
silicon film 5 1 5 between the MILC regions 5 1 1 so that it is symmetrically formed as illustrated 
in FIG.5A. However, as shown in FIG. 5B and FIG. 5C, the semiconductor layer of the driving 
transistor may be formed of MILC regions 521 and 53 1 and amorphous silicon films 525 and 
535 between the MILC regions 521 and 531, respectively so that they are asymmetrically formed. 
Further, as shown in FIG. 5D and FIG. 5E, the semiconductor layer of the driving transistor can 
be patterned so that it is formed of amorphous silicon films 545 and 555 and MILC regions 541 
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and 55 1 respectively. Further, as shown in FIG. 5F, the semiconductor layer of the driving 
transistor can be patterned so that it is formed only of an amorphous silicon film 565. 

Although first, second and third exemplary embodiments of the present invention are 
explained with regard to a unit pixel, the first, second and third exemplary embodiments of the 
present invention can be applied to all unit pixels R, G and B or, for example, to a concerned 
pixel only in the unit pixels R, G and B. 

As described in the above, an organic light emitting diode according to exemplary 
embodiments of the present invention is capable of generating luminance which is appropriate 
for a small scale high resolution flat panel display and extending the life cycle of the device by 
forming a switching transistor with high mobility characteristics and low leakage current 
characteristics of a polysilicon film to maintain high switching characteristics of the switching 
transistor and forming a driving transistor with a polysilicon film or amorphous silicon film 
having a low mobility to control the current flowing through an EL device through the driving 
transistor. 

Furthermore, an organic light emitting diode according to exemplary embodiments of the 
present invention has merits in that it solves reduction problems of opening ratio and improves 
reliability by controlling an amount of current flowing to an EL device. 

Furthermore, an organic light emitting diode according to exemplary embodiments of the 
present invention provides a high frequency transistor having a high mobility required in circuit 
mounting and a transistor having a low mobility for reducing an amount of current flowing to the 
EL device, which are integrated for the same panel by partially varying crystallization 
characteristics. 
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While the invention has been particularly shown and described with reference to 
exemplary embodiments thereof, it will be understood by those skilled in the art that the 
foregoing and other changes in form and details may be made therein without departing from the 
spirit and scope of the invention. 



14 



